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[57] - | ABSTRACT

Method for preparing polyols such as dmls and tI‘IOlS by
the homogeneous catalytic hydroxylation of an olefinic

~ compound by contacting the olefinic compound with an

organic hydroperoxide in an inert polar solvent contain-
ing catalytic amounts of an osmium compound and a
halide and at least a stoichiometric amount of water

based on the amount of said olefinic compound.

- 11 Claims, No Drawiags '
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HYDROXYLATION OF OLEFINS

This invention relates to the Hydroxylation of Olefins
with Organic Hydroperoxide Oxidant, Osmium Con-
taining Catalyst and Halogen Containing Co-Catalyst.
In particular, it relates to a procedure. for reacting an
olefin having 2 to 20 carbons, €.g. ethylene and propy-
lene, with an organic hydroperoxide in the presence of |
an oxidation catalyst to produce the corre5pondmg

glycol.
BACKGROUND OF THE INVENTION

It is well known from the technical literature, includ-
Ing patents, that olefins can be effectlvely oxidized with
osmium compounds, particularly osmium tetroxide, to

their corresponding diols when the reaction is carried-

out with catalytic amounts of osmium tetroxide and a
stoichiometric amount of a strong co- oxrdmng agent.
The oxidizing agents which have been proposed and
used include the alkali metal chlorates and hypochlor-

ites, potassium ferrocyanide and hydrogen peroxide

(see U.S. Pat. Nos. 2,414,385 and 2,773,101, which use
hydrogen peroxide with the latter teaching that inor-
ganic peromdes such as sodium and barium peroxides,
or organic peroxides, such as tertiary butyl peroxide,
tertiary butyl hydroperoxide, or benzoyl peroxide, can
be used instead of the hydrogen peroxide). - |

Oxidation of Os+6 to Os+8 with molecular oxygen in
aqueous alkaline solutions has also been reported, thus
under these conditions olefins are oxidized to their cor-
responding diols at a pH in the range of 8.5-10.5 and to
oxalic acid at a pH of 12.5. The reaction rate is slow,
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peroxide in the presence of OsOq, sodlum bromide and
tertbutyl alcohol containing at least a stolchlometrlc |
amount of water based on the amount of olefin.
Thus, in accordance with the object of this invention
there has been provided a method for preparing polyols

~ by the homogeneous catalytic hydroxylation of an ole-

finic compound having 2 to 20 carbons by contacting
said olefinic compound with a catalytic amount of an
osmium compound and a catalytic amount of a halide of
the class consisting of an alkali metal or alkaline earth
halide or a halogen in an inert polar solvent, an organic
hydroperoxide and at least a stoichiometric amount of -
water based on said amount of said olefin.

DETAILED DESCRIPTION OF THE
L INVENTION |

1. Oleﬁmc Compound
The olefinic compounds which can be hydroxylated |

in accordance with this invention are those preferably =~ -

having from 2 to 20 carbon atoms, including mono-ole-

~ finic compounds, diolefinic or polyolefinic compounds,
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both conjugated and non-conjugated, substituted and

unsubstituted aliphatic and alicyclic olefins, hydroxy-
substituted olefinic compounds, olefinically unsaturated
aliphatic carboxylic acids and anhydrides, such as oleic
acid, 1, 2, 3, 6-tetrahydrophthallc anhydride and the
like. Hlustrative olefins are butylene, pentenes, normal
hexenes, the octenes, cyclohexene, butadiene, styrene,
vinyl cyclohexene, and the like. The preferred olefinic
compounds for this process are the C; to Cs lower ole-

- fins, i.e. ethylene, propylene and butylene or allyl aloo-

however, and the reaction ceases when the molar ratio

of diol to osmium tetroxide exceeds 2 (See U.S. Pat.
No. 4,049,724).

U.S. Pat. No. 4,049,724 improves the hydroxylatlon -

33

hol.
2. Catalysts
~ (a) Osmium Tetroxide
" The catalyst, osmium tetroxrde, 1S used in catalytic

- quantities. It has been found that from 0.01 to ten milli-

~ mols (mmols) the catalyst per 100 ml of the total reac- .

of olefins by homogeneous catalyzatlon relying on an

aqueous solution of-an organic hydroperoxide, e.g. t-
butyl hydroperoxide, maintained at a pH of 8 to 12 by
the presence of an appropriate amount of base, e.g.,

sodium carbonate. Low yields were reported and con- |

trol of pH is necessary. This confirms the teaching of K.
B. Sharpless in JACS, Mar. 31,1976, pp. 1986-7 that
whereas alkaline solutions of hydrogen peroxide de-
composed violently in presence.of OsQg, solutions of
t-butyl hydroperoxide in the presence of base (tetraeth-
ylammonium hydroxide gave yields superior to that
obtained with sodium or potassium: hydroxide) and
OsO4 were stable and provided good ylelds of v1cmal
diols from a variety of olefins. .

Recently, U.S. Pat. No. 4,203, 926 has taught the het-
erogeneous catalysis of ethylene and propylene to the
corresponding glycol in a process in which ethylben-

zene hydroperoxide is reacted with the olefin in a two-

phase liquid (orgamc-aqueous) reaction system in the
presence of osmium tetroxide and cesium, rubidium or
potassmm hydroxide. This two-phase system requires
organic soluble hydroperoxides and appears specific for
ethylbenzene hydroperoxide. -- ~

[t is therefore an object of this invention to prowde a

new homogeneous catalysis method for the hydroxyl-

ation of olefins to generate valuable glycols. -

SUMMARY OF THE INVENTION

by the hydroxylation of an olefin, such as ethylene or
propylene, by contacting said olefin with t-butyl hydro-

40

tion mixture is suitable; however, it is preferred to carry
out the reaction from about 0.03 to about 0.1 mmol of

catalyst per 100 ml of the reaction mixture. The amount
of catalyst can also be related to the amount of osmium

metal that is used. Thus, about 5 to about 1,000 ppm,

- preferably about 25 to about 800 ppm osmium can be

45

used, based on the total liquid contents of the reaction
vessel. The order of addition of catalyst is not critical to

- obtain high selectivities to glycols, since osmium does:

50
| tion to the reactor.
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not catalyze the decomposition of the hydroperoxrde in
the olefin’s absence. -

Osmium tetroxide is readily soluble in organic polar .

solvent and can be dissolved in a said solvent for addl--

(b) Halogen Compounds

The co-catalyst with the OsO4 contains halogen and
is a compound preferably of the class of alkali metal
halides, alkaline earth halides, tetra alkyl or aryl phos-
phonium halide salts, or halogens; optimally, I, Nal, KI

 and HI or Bry, NaBr, KBr or HBr. The concentration of

60

the co-catalyst halogen compound ranges from 5 to
100,000 ppm, preparably 10 to 100 ppm, based on the
total liquid contents of the reaction vessel. The concen-
tration of the co-catalyst halogen compound ranges -

~ from 1 to 1,000 times the amount of osmium.

65
It has been discovered that a polyol can be prepared |

3. Inert Polar Solvents
The inert polar solvents such as tertlary butyl alco-
hol acetone, ethylene glycol, acetonitrile, diethylene

" glycol and dimethy! ether include organic polar sol-
‘vents which can be an aliphatic or aromatic alcohol -~
‘having from one to about ten carbon atoms, an aliphatic =~
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or aromatic ketone having from three to about ten car-
bon atoms, an aliphatic or alicyclic ether having from
two to about ten carbon atoms, a glycol having from
two to about ten carbon atoms, a N,N-dialkyl amide

having from three to about ten carbon atoms, an ali-
phatic or aromatic sulfoxide having from two to about
fourteen carbon atoms and an aliphatic or aromatic

sulfone having from two to about fourteen carbon
atoms. Examples of suitable polar solvents include
methanol, ethanol, propanol, butanol, hexanol, decanol,
benzyl alcohol, acetone, methylethyl ketone, methylbu-
tyl ketone, acetophenone, ethylene glycol, propylene
glycol, diethylene glycol, tetraethylene glycol, di-
methyl formamide, diethyl formamide, dimethyl acet-
amide dimethyl sulfoxide, diethyl sulfoxide, di-n butyl
sulfoxide, dipheny! sulfoxide, dibenzyl sulfoxide, di-
methyl sulfone, diethyl sulfoxide, dibenzyl sulfoxide,
diphenyl sulfone, acetonitrile, pyridine, dioxane, tetra-
hydrofuran, tetrahydropyran dioxolane, and the like.
Preferred is acetonitrile, dioxane, acetone, carbon tetra-
chloride, dimethyl formamide, tetrahydrofuran, diethyl
ether, primary alcohols such as methanol, ethanol, and
isobutanol and tertiary alcohols such as tertiary butanol.
Most preferred 1s a polar organic solvent with same
carbon containing moiety as the hydroperoxide used, so
as to minimize or avoid separation problems.

The amount of polar solvent can be between about 30
and 98 weight percent of the reaction mixture, but will
preferably comprise between about 50 and 80 weight
percent of the reaction mixture. The preferred organic
polar solvents are those which resist oxidation in the
reaction system and are miscible with water.

4. Orgamic Hydroperoxide

Although any organic hydroperoxide of the formula
ROOH where R 1s a substituted or unsubstituted alkyl,
cycloalkyl, aralkyl, azacyclic, or oxacyclic or 3 to 20
carbons would be operable, the preferred organic hy-
droperoxides are stable, most preferred are ethyl ben-
zene hydroperoxide, tertiary butyl hydroperoxide and
cumene hydroperoxide. Since frequently these hydro-
peroxides are made by the molecular oxygen oxidation
of the corresponding hydrocarbons, there is also pro-
duced the corresponding alcohol. For example, when
isobutane is oxidized with molecular oxygen there is
produced tertiary butyl hydroperoxide and tertiary
butyl alcohol. It is not necessary to separate the alcohol
from the hydroperoxide since the alcohol can function
merely as a diluent. The molar ratio of the hydroperox-
ide to olefinic compound can vary over a large range.
Generally, molar ratios of olefin compounds in the sub-
strates to hydroperoxide broadly in the range of 0.5:1 to
100:1, desirably 1:1 to 20:1 and preferably 2:1 to 10:1,
are employed.

5. Water

It 1s believed that the hydroxylation of the olefin
occurs according to the following reaction (using ethyl-
ene and t-butyl hydroperoxide as illustrative reactants):

HyC=CH; + (CH3;}3CO0H + H;0 —m>
Hz?"““(I?Hz + (CH3)3COH
OH OH

From this it is seen that the water is to be present in
at least a stoichtometric amount based on the amount of
olefin hydroxylated. Preferably, the amount of water
ranges from 1.0 to 1.5 moles per molar quantity of olefin
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4

hydroxylated, although it can range from 1.0 to 10
moles per mole of said olefin. |

Further, the hydroxylation reaction of the invention
provides for the regeneration of the catalytic state of
the osmium as a consequence of the halogen influence.

6. Reaction Conditions |

Sice the olefins to be hydroxylated, preferably eth-
ylene and propylene, are gases, the olefin is incorpo-
rated into the reaction system by pressuring the reactor
with the olefin. Although the magnitude of the pressure
1S not critical, it determines the amount of the olefin that
1S present in the reaction liquid and therefore affects the
rate of reaction. It is believed that a pressure between
about 5 and about 1,000 psig is useful for ethylene, and
a pressure of between about 5 and about 150 psig is
useful for propylene. However, it is preferred to oper-
ate within a pressure range of between about 50 and
about 150 psig for ethylene and a pressure between
about 10 and about 500 psig for propylene as providing
a suitable reaction rate without requiring high pressure
equipment. The reaction is preferably carried out with a
stoichiometric excess of the olefin to substantially com-
pletely react all of the hydroperoxide in the reaction
mixture, and more preferably, at least about a 25 percent
stoichiometric excess of the olefin. It is advantageous to
carry out reactions in the liquid phase; therefore, suffi-
cient pressure is employed to maintain the reactants in
the liquid phase, at least to the extent that some olefin is
in the liquid phase. For liquid reactants, atmospheric
pressure is suitable. |

In practice, the osmium tetroxide is readily charged
into the reaction vessel as a solution in the polar solvent,
e.g., t-butanol, along with the halogen compound, inert
polar solvent, hydroperoxide and water prior to pres-
suring the vessel with olefin. It is useful also to heat up
the contents of the vessel prior to introduction of the
olefin. ' '

The hydroxylation reaction is carried out at a moder-
ate temperature. At higher temperatures the reaction
rate increases substantially but this occurs at a signifi-
cant reduction in selectivity to the glycol. At very low
temperatures, the selectivity to glycol is excellent but
the reaction rate is slow. Within those constraints, it has
been found that a moderate reaction temperature range
of about —20° C. to about 200° C. is desirable and pref-
erably ranges from 0° C. to 100° C. and optimally ranges
from 25° C. to 50° C.

This hydroxylation reaction can be carried out as a
batch reaction, or as a continuous reaction. In the batch
reaction, all the necessary components are placed in a
reaction vessel and the reaction is allowed to proceed
for about 4 to about 2 hours for substantially complete
reaction of the hydroperoxide. The reaction can be
carried out in a continuous manner by metering the
reaction components into an agitated tank reactor, or a
series of tank reactors, pressured with the olefin and
removing the reaction product mixture at an appropri-
ate rate to maintain the reactor liquid level.

The reaction product mixture including inerts and
by-products (after the removal of unreacted gaseous
olefin) includes the diols, e.g. ethylene or propylene
glycol, the polar solvent, the alcohol decomposition
residue of the hydroperoxide, an osmium compound,
the halogen compound and water but most important is
a single phase mixture. Recovery of the product, e.g.,
ethylene glycol, is easily accomplished by fractional
distillation.
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This invention will be further understood by refer-
ence to the following examples which include the pre-
ferred embodiments and best mode of the invention.

EXAMPLE I

Into a 300 ml titanium autoclave is charged 0.023 g of
osmium tetraoxide as a 0.5 weight percent t-butanol
solution), 0.500 g sodium bromide, 54.9 g methanol and
11.1 g of tertiary butyl hydroperoxide (70%/H;0). The
solution is warmed to 40° C. and then ethylene (200
psig) 1s added. After stirring for 20 minutes, the product

d
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solution is analyzed by gas chromatography and indi- -

cates the production of 2.72 g of ethylene glycol which
s a 54.9% yield based on the tertiary butyl hydroperox-
ide charged.

EXAMPLE II

Into a 300 ml titanium autoclave is charged 0.050 g of

osmium tetraoxide (0.5%/t-butanol solution), 1.09 g
sodium bromide, 46.0 g water, and 15.1 g of tertiary
butyl hydroperoxide (709%/H;0). To this solution is
added 31.0 g of propylene and the reaction mixture is
stirred at 25° C. for two hours. Propylene glycol (4.0 g)
1s produced in an amount which corresponds to a 48.0%
yteld based on the tertiary butyl hydroperomde
charged. |

EXAMPLE Il

Into a 300 ml titanium autoclave is charged 0.026 g of
osmium tetraoxide (0.5%;/t-butanol solution), 0.25 g
sodium 1odide, 66.6 g of methanol and 15.6 g of tertiary
butyl hydroperoxide (70%/H,0). The solution is
warmed to 40° C. with stirring and ethylene (400 psig)
is added. After stirring for thirty minutes, the reaction is

15

6
EXAMPLE %

A similar run to Example Y using sodlum 1odide in
place of sodium bromide gave comparable yleld of
propylene glycol.

The invention in its broader aspect is not limited to
the specific details shown and described and departures
may be made from such details without departing from .
the principles of the invention and w1thout sacrlﬁcmg
its chief advantages

What 1s claimed is: o

1. A method for preparing polyols by the homogene-
ous catalytic hydroxylation of an olefinic compound
having 2 to 20 carbons by contacting said olefinic com-

_pound with a catalytic amount of an osmium compound
and a “co-catalyst selected from the group consisting of
“an alkali metal halide, an alkaline earth metal halide, a

halogen, a hydrogen halide, and a tetraalkyl or aryl

_phosphomum halide” in an inert polar solvent and an

0 organic hydroperoxide and at least a stoichiometric

25

30

35

cooled. Ethylene glycol (3.92 g) is produced in an

amount indicating a yield of 54.5% based on the hydro-
peroxide charged.

EXAMPLE IV

OsQy4, 7.2 g t-butyl hydroperoxide (70%/H;0), 0.50 g

sodium bromide, 42.6 g t-butanol, and 3.0 g water. The

contents are warmed to 40° C. and propylene (32.0 g) is
added. The reaction is stirred at this temperature for
thirty minutes. Propylene glycol (2.80 g) is produced in
an amount corresponding to a yield of 65.7% based on
tertiary hydroperoxide charged.

R 4
Into a 300 ml titanium autoclave is charged 0.04. g

45

amount of water based on said amount of said olefin.
2. A method according to claim 1 wherein said os-
mium compound is osmium tetroxide, the concentration

~of osmium is in the range of from 5 ppm to 1,000 ppm by

weight, the concentration of said co- catalyst ranges
from 1 to 1,000 times the amount of said osmium and the
temperature ranges from 0° C. to 200° C.

3. The method accordlng to claim 1 wheretn sald

olefinic compound is ethylene.

4. The method accordlng to claim 1 wheretn said
orgamc hydroperoxide is tertiary buty hydroperoxide.

5. The method according to claim 1 wherein said
organic polar solvent is methanol.

6. The method aecordlng to claim 1 wherein said
inert polar solvent is tertiary butyl alcohol. |

7. The method accordmg to elalm 1 wherem satd

olefinic compound is propylene.

8. The method aceordmg to claim 1. wherem satd
olefinic compound is butylene.

9. The method according to claim 1 wherein sald |
co-catalyst is 10dine, sod:um lodlde, potassmm ledlde or
hydrogen iodide. = - -

10. The method according to claim 1 wherein said
co-catalyst is bromine, sedmm bromide, potassium bro-

mide or hydrogen bromide. |
11. The method according to claim 1 wherein said

~ co-catalyst is tetraethylphosphonium bromide.
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